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ABSTRACT OF THE THESIS
WHERE ARE ALL THE BONEFISH?
USING ANGLER PERCEPTIONS TO ESTIMATE TRENDS OF BONEFISH
(ALBULA VULPES) DECLINE IN SOUTH FLORIDA
by
Emily Kathryn Nneka Kroloff
Florida International University, 2016
Miami, Florida
Professor Joel Heinen, Co-Major Professor
Professor Jennifer Rehage, Co-Major Professor
Local ecological knowledge (LEK) is a useful method to capture environmental
or resource changes when there is an absence of biological data. Since the bonefish
fishery is data limited, this study aims to understand the trend of bonefish decline over
the last 40 years using LEK and to assess whether varying fisher experience and fisher
type would influence perception of bonefish decline. Semi-structured surveys and key
informant interviews were conducted to collect LEK data. Along with perceiving an
overall decline (p<0.001), fishers perceived a non-gradual decline that started at different
points in time based on different parameters; overall quality of bonefish, size of bonefish
and number of bonefish. Furthermore, there was little evidence of bias introduced
through experience or fisher type. Our results suggest that the use of LEK when trying to
understand population changes in a data-poor ecological system can be valuable and
beneficial when handled correctly.
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1. BACKGROUND
Recreational fisheries contribute substantially to local economies, which makes it
important to study the effects on the fish that are being caught in order to sustain fish
populations and livelihoods. In South Florida and throughout the west-central Atlantic
Basin, bonefish Albula vulpes constitute a very important recreational fishery (Larkin et
al., 2010) that contributes almost $1.5 billion yearly to the Florida economy (VasquezYeomans et al., 2009), supporting livelihoods for professional fishing guides yeararound. Bonefish are a preferred fish species among anglers in the Florida Keys because
of their large sizes and their great strength and endurance thereby challenging anglers
during capture (Crabtree et al., 1996). Recreational fishing and evidence of bonefish
decline have both increased with human population growth and increased fishing
pressure (Cooke and Phillip, 2004).
Members of the bonefish fishery community have expressed concern that in the
Florida Bay, bonefish populations have greatly declined. Florida Bay is an estuary system
that is a part of Everglades National Park (ENP). A variety of anthropogenic changes
have been documented and linked to notable changes in the Bay (Figure 1). In the last
century, Florida bay has changed from a natural to a highly managed system as a result of
the construction of large networks of canals that have diverted freshwater away from the
Bay, as well as other notable changes (Stabenau and Kotun, 2012).
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Since the construction of the Flagler railroad and the Tamiami trail in the early 1900s,
decreased circulation and freshwater inflow has been observed creating an increase in
hyper salinity events (Fourqurean and Robblee, 1999; Light and Dineen, 1994; Porter,
2001; Figure 1). From the mid to late 1900s, the C-111 canal, south Dade conveyance
system, droughts, and decreased flow to Taylor Slough caused the Bay to experience a
variety of hyper salinity events, increased algal and sea grass productivity, decreased
water quality, change in sea grass species composition, algal blooms, and increased
turbidity (Fourqurean and Robblee, 1999; Light and Dineen, 1994; Porter, 2001; Figure
1). More
recently, with the
expansion of US1 and hurricanes
Wilma and
Katrina, the Bay
experienced
Figure 1. Timeline of anthropogenic and natural alterations that have
been linked to changes in the Florida Bay (adapted from various
sources; (Fourqurean and Robblee, 1999), (Light and Dineen, 1994),
(Porter, 2001))

more algal
blooms and
sponge die offs

(Fourqurean and Robblee, 1999; Light and Dineen, 1994; Porter, 2001; Abtew and
Iricanin, 2008; Figure 1). These anthropogenic alterations have affected many biotic and
abiotic processes which could reduce recruitment for species living in the Bay and the
southern Everglades such as pink shrimp, snook, and redfish (McIvor et.al 1994).
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The waters that support of the bonefish fishery in Florida run between Key
Biscayne and Key West. It is uniquely regulated by various agencies both state and

Figure 2. Management and regulation jurisdictions of various agencies in South Florida
(NOAA, 2013)
federal with differing regulations and jurisdictions which most notably include: Biscayne,
Everglades, and Dry Tortugas national parks, four wildlife refuges, and John Pennekamp
Coral Reef State Park (Department of Commerce, Department of Interior, and Florid
Department of Environmental Protection) (Ault et. al, 2005). The protected area that
covers the largest amount of prime bonefish territory is the Florida Keys National Marine
Sanctuary (FKNMS) in South Florida. It was designated in 1990 and is federally run by
National Oceanic and Atmospheric Administration’s (NOAA) National Marine Sanctuary
Program. The purpose of designating this 7,511 sq. km. marine protected area (MPA)
was to help ensure the protection of various marine habitats including coral reefs, sea
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grass, and mangroves (Suman et al., 1999). The Florida Keys are vulnerable to a variety
of adverse changes such as a decrease in water quality, coral bleaching, the die-off of
long-spined urchin, decreases in coral cover, declines in reef fish, sea grass die-offs as
well as the spread of coral diseases (Keller and Causey, 2005). However, the two major
factors that prompted the creation of the FKNMS is its vulnerability to ship grounds and
threats to oil drilling (Bohnsack, 1997). In the late 1980s, the threat to drill oil off of the
Florida Keys was imminent, but, in 1989, the disastrous Exxon Valdez oil spill took place
in Alaska and that same year 3 ships ran into the Florida Reef Tract (Keller and Causey,
2005). As a result of these impacts on the Florida Keys marine ecosystem, Congress was
finally prompted to take action and the creation of the FKNMS act was approved in 1990
(Keller and Causey, 2005). When the first management plan was implemented in 1997, it
was created with the purpose to ensure resource sustainability by creating a multiple
purpose zonation plan (Florida Keys National Marine Sanctuary and Protection Act,
1990, NOAA, 1996, Cooke and Heinen, 2005). The management plan was also
implemented keeping in mind prohibition of oil drilling and operating vessels longer than
50 m (164 ft.) in internationally recognized ‘‘Areas to Be Avoided’’ within and near the
boundary of the Sanctuary (Keller and Causey, 2005). With four million tourists that
visit the Florida Keys yearly for water related activities, the Florida Keys economy is
highly dependent on a healthy ecosystem (U.S. Department of Commerce, 1996). In 1990
half of the Florida Keys population held jobs that were directly or indirectly supported by
outdoor recreational activities all of which thrives on a healthy ecosystem (U.S.
Department of Commerce, 1996).
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The FKNMS has a unique location as approximately 65% of the Sanctuary lies
within state and federal areas of jurisdiction that are found adjacent to the FKNMS
boundary (Figure 2) (Everglades National Park; Keller and Causey, 2005). However,
even with the FKNMS and a high variety of other protected areas, bonefish declines are
still being observed in South Florida with no definitively known reason for the cause.
Bonefish in South Florida are understudied and what is known about them is mainly
limited to research done in the Bahamas (Dallas et al., 2010; Vasquez-Yeomans et al.,
2009; Danylchuk et al., 2007a; Danylchuk et al., 2007b; Cooke et al., 2006; Cooke and
Phillip, 2004; Crabtree et al., 1996).
Much of this research suggests that a variety of human-induced drivers are thought
to be the cause of declines. These include increased fishing pressure as well as catch and
release methods causing post release mortality that is associated with handling time and
stress. According to Crabtree et al. (1996) fishing mortality as a result of catch and release
angling is extremely low; their empirical data show natural mortality and total mortality
are similar. Conversely, Cooke and Phillip (2004) suggest post-release mortality of
bonefish is relatively high because they expend substantial energy to fight anglers. It is also
possible that with high fishing pressure, the same fish are continuously being caught,
contributing to high mortality rates. Because of the amount of energy that bonefish expend
during the catch-and-release process, red flags have been raised about both the behavior
and survival of bonefish after they are released. Both Cooke and Phillip (2010) and
Danylchuk et al. (2007) explore the idea of post-release predation causing major bonefish
declines.
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Since bonefish expend substantial energy when being angled, they become easy
prey for sharks (Cooke and Phillip, 2004). When released in areas with a high abundance
of predators, bonefish have an increased risk of mortality. In areas of low shark abundance
bonefish are more likely to survive post-release; however, when released in water that had
higher shark abundance, 40% of the fish died within the first hour from shark attacks
(Cooke and Phillip, 2004). Many of the fish in this study were observed to remain
stationary post release, possibly resulting from the amount of air exposure and equilibrium
loss. A follow up study was conducted to look at the effects of recreational angling on
bonefish and how equilibrium plays a role in post release mortality. Danylchuk et al. (2007)
caught bonefish using two methods, fly fishing and seine netting. They found that bonefish
caught by net did not suffer from loss of equilibrium and therefore had a lower rate of
mortality by shark predation, while bonefish caught via fly fishing suffered loss of
equilibrium therefore increasing their risk of predation after release. It is suggested that the
amount of handling time and air exposure after the fish have been caught greatly influence
the loss of equilibrium and increase post release mortality. The stress of catch-and-release
has been shown to alter physiological processes and impair locomotor skills. Danylchuk et
al. (2007) found that bonefish that lost equilibrium spent significant amounts of time
swimming in non-directional patterns increasing susceptibility to predators.
It is also suggested that with the amount of stress on fish, predators with sensitive
chemoreception (a sensory receptor that can pick up chemical signals in the environment)
can more easily pick up on stress hormones being released by angled fish such as cortisol.
However, Dallas et al. (2010) tested chemical excretions of angled bonefish and found that
stress hormones such as cortisol and lactate were not highly detected. However, bonefish
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excreted both urea and ammonia with high levels of stress. When they exposed lemon
sharks to both ammonia and urea they exhibited higher levels of activity, which could mean
that excretion that occurs during the catch-and-release process could provide predation
cues for certain predators. Catch-and-release angling poses a variety of complications postrelease for Bonefish, which is why it is imperative to better understand the implications
and improve on these catch-and-release methods.
Even though Bonefish are being caught and released, they are still suffering massive
amounts of energy depletion from being angled that they would otherwise use for
predator evasion and other necessities. The amount of energy expended, handling time,
and air exposure has been shown to greatly affect the success of these fishes’ post-release
with loss of equilibrium (Danylchuk et al., 2007) and lack of energy to evade predators,
therefore increasing chances of mortality. The literature shows that anglers directly and
indirectly influence the mortality of bonefish as a consequence of handling practices
during the catch and release process, which poses the question of whether or not current
catch-and-release methods are effective means of conservation for maintaining bonefish
populations. It is also important to continue understanding of the physiological and
behavioral effects of catch-and-release angling on Bonefish, in order to devise strategies
to decrease mortality after they are released. Though all of these factors are valid and
could be influences in my study, the unique history of ecological changes in the Florida
Bay and Florida Keys would suggest that the major factor deals with the changes in the
overall ecological health and composition of the South Florida region. In order to better
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understand how Bonefish populations have changed over time I need to know more about
the South Florida population.
Unfortunately, since the bonefish fishery is catch and release, there are no quality
catch data. To gain an understanding of bonefish decline over space and time, angler
knowledge is imperative. The term widely used for this method of acquiring observation
data from resource users is called Traditional Ecological Knowledge (TEK) (Berkes,
1993). There is no set definition for TEK since the terms ‘traditional’ and ‘ecological
knowledge’ are quite vague, however, it refers to a body of knowledge that can be
handed down through generations and is normally a characteristic of societies that have a
historical continuity in resource use (Berkes, 1993).
While TEK was historically dismissed by scientists and resource managers as it was
looked upon as unequal to science, this is now quickly changing as a number of
advantages of TEK are being uncovered (Johannes, 1989). Traditional Ecological
Knowledge is considered to be valuable for a variety of reasons including; introducing
new biological and ecological insights, helping with resource management, protected area
and conservation education, informing development planning, and creating more
informed environmental assessments (Berkes, 1993). Integrating local knowledge has
become increasingly popular as it has been shown to fill in knowledge gaps in scientific
data that certain biological assessments cannot consider or are missing because of lack of
data (Hall and Close, 2007). Traditional Ecological Knowledge has been used in a variety
of studies in order to better understand incomplete scientific data, or help to explain
species dynamics especially in fishery settings. Fishermen are a perfect example of a
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community of people that have a continuous history of resource use. Since fisherman
spend most of their days out on the water on which they experience a diverse climate,
tides, and fish migration patterns, they have a better temporal knowledge than scientific
data if such scientific data are not collected over relevant time spans (Close and Hall,
2006). One example of TEK being used in a fishery capacity is after the 1989 Exxon
Valdez oil spill in Alaska. One of the species affected by this oil spill was the Pacific
herring (Clupea pallasi) which was commercially fished, but their populations declined
after the spill (Huntington, 2000). It was uncertain whether their decline was caused by
the oil spill or some natural process as a result of too few documented historical data on
distribution, spawning, and juvenile habitats of the herring in the region (Huntington,
2000). In the present study 86 fishing communities were interviewed and they were able
to get valuable information on what herring populations have been doing for the last
4,000 years. The over exploitation of herring was uncovered to be a major factor in the
decline of the fishery. Researchers were also able to pinpoint when certain fishing areas
started declining over time (Thorton et. al, 2010). More recently, Beaudreau and Levin
(2014) studied the abundance of 22 marine species in Puget Sound, Washington. They
used local ecological knowledge (LEK; for the purposes of this paper the term can be
used synonymously with TEK) to describe the abundance trends of these 22 marine
species, while also assessing how accurate LEK links with the scientific data on the
abundance of such species (Beaudreau and Levin, 2014). They interviewed 101
fishermen and asked them to rank the abundances of the marine species qualitatively
from 1940 to 2000 (Beaudreau and Levin, 2014). The overall finding of this paper was
that, fishermen were able to track decline trends reported by environmental agencies and
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that integrating resource user knowledge and available scientific data can help to fill
knowledge gaps about data-poor species (Beaudreau and Levin, 2014). The integration of
angler knowledge is very important in data-poor systems and can prove to be very useful
when trying to inform on past fish population and distribution patterns which can then
help to better inform fish and habitat management for the future.
2. INTRODUCTION
Local ecological knowledge (LEK) is an unconventional but useful method of gaining
environmental data or information derived from the experience of resource users. Local
Ecological Knowledge is especially effective in gaining both temporal and spatial data
where there is a general lack of information on a given resource. The use of LEK has
been important in a variety of studies in order to inform on the dynamics in data-poor
ecological systems (Beaudreau and Whitney, 2016; Daw et al., 2011; Thorton et al.,
2010; Lavides et al., 2009; Moller et al., 2004; Olsson and Folke, 2001). The term Locial
Ecological Knowledge has progressed from the approach called traditional ecological
knowledge (TEK) which refers to acquiring observation data through local knowledge
(Berkes, 1993) and for the purposes of this paper will be referred to as LEK. Local
Ecological Knowledge has become increasingly popular in vulnerable and rapidly
changing ecosystems, not only to document long-term environmental and species change
(Beaudreau and Levin, 2014), but also because of its reputation by ecologists that LEK
can help to improve research and inform management and environmental assessments
(Huntington, 2000). While LEK was historically dismissed by scientists and resource
managers as it was looked upon as unequal to science, this is now quickly changing as a
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number of advantages are being uncovered (Johannes, 1989). Local Ecological
Knowledge is considered to be valuable for a variety of reasons including: introducing
new biological and ecological insights, helping with resource management, protected
areas management, conservation education, informing development planning and creating
more informed environmental assessments (Berkes, 1993). Integrating local knowledge
has become increasingly popular as it has shown to help fill in knowledge gaps in
scientific data that certain biological assessments cannot consider (Hall and Close, 2007).
LEK has been used in a variety of studies in order to better understand incomplete
scientific data or help to explain species dynamics, most commonly in fisheries settings.
Fishermen are a perfect example of a community of people that have a continuous
history of resource use. Since fishermen spend most of their days out on the water on
which they experience diverse climate, tide, and fish migration patterns, they have a
better temporal knowledge than scientific data, when not collected over relevant time
spans (Close and Hall, 2006). A variety of studies have shown that the use of LEK can
help to inform on fisheries dynamics which include, fish populations, distributions,
causes for population changes, and the identification of crucial habitats (Beaudreau and
Levin, 2014; Thorton et al., 2010; Huntington, 2000). As highlighted in previous
literature, LEK can be a very effective method in understanding the dynamics of fisheries
especially when data-poor. Catch and release recreational fisheries such as the bonefish
fishery in South Florida have the issue of being data-poor as limited catch data has been
collected. It has been recently brought to attention that recreational fishing and evidence
of bonefish decline have both increased with human population growth and increased
fishing pressure (Cooke and Phillip, 2004).
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The bonefish fishery is a very important component of the South Florida
economy, but more specifically to that of the Florida Keys, bringing in about 1.5 billion
dollars a year (Vasquez-Yeomans et al., 2009; Ault, 2008) and supporting livelihoods for
professional fishing guides, local restaurants, bars and hotels year-around. It is estimated
that one single bonefish is worth $3,500 per year to the industry. Since bonefish live up to
20 years or more, it was calculated that each bonefish could have a lifetime worth of
around $75,000. This makes the bonefish fishery 'per fish' one of the most valuable
fisheries in the world (Ault, 2008). Bonefish are the preferred fish species among anglers
in the Florida Keys because of their large sizes and their great strength and endurance,
thereby challenging anglers during capture (Crabtree et al., 1996).
The bonefish fishery is very understudied in South Florida and, having
experienced a lot of change over the years, little is also known about the biology,
spawning habitats and movement patterns of the species. In recent years, there have been
increasing reports of a declining bonefish fishery. Notable bonefish declines were
observed by local anglers in the Florida Keys between 2001 and 2012 as well as from
2007 to 2011(Frezza and Clem, 2015). Though times in recent history have been
highlighted by anglers as moments of major decline, the question of what the overall
decline looked like, when it started, as well as the accuracy of angler perception, still
remains unanswered.
To get an understanding of when bonefish started declining and what the decline
looked like over time, LEK is imperative. In the case of my study, LEK comes from
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anglers and guides who fish for bonefish in South Florida and have some sort of social or
economic investment in the fishery.
In this study, I aim to understand what bonefish decline looked like throughout
the South Florida region from 1975 to 2015 by reconstructing a retrospective timeline of
the decline utilizing angler and guide knowledge. I wanted to know: 1) what the general
perception of bonefish decline has been over time, 2) whether perception changes are
based on experience and 3) whether fisher type has an influence on how bonefish decline
is perceived. In order to address these questions, I used local ecological knowledge
(LEK), which in this context means the knowledge and insight from anglers and guides
who have extensive observational experience with bonefish in the South Florida region.
Because of limited catch data, I reconstructed a retrospective timeline taken from angler
and guide perceptions. I hypothesized that: 1) the overall perception of the bonefish
population by anglers and guides will perceive a decline starting from the mid-90s to
early 2000s (Frezza and Clem, 2015), 2) with more experienced anglers rating quality
more conservatively, over time as anglers with more experience will remember past
quality better than anglers with less experience (Ainsworth et.al., 2008), and 3) that
guides will rate quality more conservatively over time in comparison to anglers as
different stakeholders may have a difference in perception (Suman et. al., 1999). Since
guides tend to have more experience, they will also remember past quality better than
anglers.
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3. METHODS
3.1 Study site description
The South Florida bonefish (Albula vulpes) fishery extends from Biscayne Bay to
Key West. The waters in this area are unique in that they are managed under both state
and federal jurisdictions as a result of the variety of federal protected areas and state
parks, all of which are areas that contain bonefish. ENP, an IUCN – World Conservation
Union Category 2 protected area (Heinen, 2012), also has the distinction of being a
World Heritage Natural Site, a Wetland of International Importance and a United Nations
Biosphere Reserve (Heinen, 1995). Florida Bay, with a total area of about 1,593 sq. km.
located south of peninsular Florida, is a relatively shallow body of water that consists of
sand flats, seagrass beds, mangroves and a high variation of salinity within ENP.
Biscayne National Park, also a Category 2 protected area comprised of over 95% shallow
marine habitats is located on the Atlantic side of South Florida from the southern end of
Key Biscayne to the northern end of Key Largo (Figure 2).
More recently, compared to the two parks, the Florida Keys National Marine
Sanctuary (FKNMS) was established by Congress in 1990. It is a 7,911 sq. km. marine
protected area that includes areas along the expanse of the Keys from Key Largo in the
northeast to the Dry Tortugas in the west. FKNMS is managed by the National Oceanic
and Atmospheric Administration’s National Marine Sanctuary program. It is zoned into
various classifications that include some areas with very strict protection (e.g. no fishing
in many cases and no entry in some cases; Cook and Heinen 2005). Portions of the reef
ecosystem from Key Biscayne and along the Keys are also managed by various state and
federal agencies with differing jurisdictions and some different fishing regulations (Ault
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et al., 2005). The area from Key Biscayne to Key West is particularly vulnerable to
adverse changes as a result of increasing populations, coastal development and fishing
exploitation (Ault et al., 2005). The economic mainstay of the region is tourism and sport
fisheries along with snorkeling and diving; these are the most important activities of
tourists in terms of revenue generation.
3.2 Interview approach and survey design
I designed my survey and collected angler and guide perception data through an
online survey using Qualtrics (www.cast.fiu.edu/projectbaybones.com). My goal was to
reach out to as many anglers and guides as possible with varying experience levels. Most
of my questions were multiple choice and formatted as a 5-point Likert scale question
(Heinen and Shrivastava, 2009) while other questions were in short answer format. The
online survey method was chosen over other methods because I needed to reach out to
high numbers of people throughout the United States. The survey was open for six
months from August, 2015 to January, 2016, with an overall completion rate of 48%
yielding a total of 278 respondents. The method I used to get my sample of 278
respondents is known as the cluster sampling method, which is most effective when
trying to reach out to scattered groups of people (Bernard, 2006). In my study, there are
scattered populations of anglers and guides who fish for bonefish in South Florida,
throughout the United States. The cluster sampling method refers to sampling within all
of those groups. Since my survey was online, I was able to sample a diverse group of
fishers by making the link available to 2,500 Bonefish and Tarpon Trust members, two
Florida Keys guide associations as well as regional and national advertising in the Guy
Harvey magazine, Florida Sportsman, the Miami Herald, the Fort Lauderdale Sun
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Sentinel and Florida International University news. Locally, I was also able to set up
displays advertising the survey in major fly shops in Miami and the Florida Keys. As a
result of my diverse forms of advertising, I was able reach a very large and diverse
population of bonefish fishers (Table 1).
Table 1. Demographics of total respondents in percentages

I wanted to extract information on when and where anglers or guides fished and
what they thought of the fishery’s overall quality. I then decided to break up quality into
size and number retrospectively as well. In order to achieve this, I formatted this question
as a matrix with time in years (2015, 2010, 2005, 2000, 1995, 1985, 1975) along the top
and regions that I delineated on the basis of the Everglades National Park delineation and
the Florida Keys general areas (Biscayne Bay, NW Florida Bay, NE Florida Bay, SW
Florida Bay, SE Florida Bay, Upper Keys, Middle Keys, Lower Keys; Figure 1A). I
designed my survey to maximize the amount of data I could collect since I could not
conduct the study throughout time and data had to be collected retrospectively. When
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collecting data retrospectively it can be difficult to attain larger sample sizes because as
you go back in time you lose numbers of respondents. As a result of this format, I was
able to increase the amount of data I could collect by expanding the amount to times each
angler could answer, so instead of one response per respondent, each respondent could
answer multiple times within a given matrix because they could fish in multiple regions
and years.
Respondents were asked to evaluate the quality of their fishing and specific
component of fishing quality (number of opportunities or shots of catching bonefish and
bonefish fish size at present, 5, 10, 15, 20, 30 and 40 years ago corresponding to seven
time steps: 2015, 2010, 2005, 2000, 1995, 1985 and 1975). Respondents were also asked
to evaluate these three parameters spatially across regions for the areas they fished
(Florida Bay vs. Biscayne Bay vs. Florida Keys) over the subset of time steps that they
fished, such that each respondent filled a custom made matrix of time fished across
regions fished based on the length of time they reported to fished for bonefish in South
Florida (Figure 1A). Spatial analyses however are beyond the scope of this paper and are
reported elsewhere, thus I focus my analysis to all regions combined.
For overall fishing quality, anglers were asked to rate bonefishing on a scale of 15 (1-very poor, 2- poor, 3-fair, 4-good, 5-very good). For size and quantity of bonefish I
provided anglers with reference points by which to score these components of fishing
quality. By using quantitative reference points, my study was able to overcome the high
variation in perceptions, which was a method adapted from the fuzzy logic approach
(Zadeh, 1965). Since the creation of fuzzy logic by Zadeh (1965), it has been applied to
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marine management (Teh and Teh, 2011), fisheries conservation (Ainsworth et al., 2008;
Ramos et al., 2015; Grant and Berkes, 2007), as well as other areas of ecology and
disciplines when relying on qualitative data that needs to be quantified (Prato, 2011). As
Zadeh (1988) explains, unlike most logical systems, the purpose of fuzzy logic is to
model the imprecise ways of reasoning that are common in a human’s ability to make
rational judgments in the presence of uncertainty. As a result, the ability to infer an
answer is based on an individual’s knowledge base that is imprecise and imperfect
(Zadeh, 1988). By using fuzzy logic, data can be processed in a way that will allow for a
degree of true statements instead of just true or false (Prato, 2011) because unlike
scientific data, human knowledge is qualitative and consist of fuzzy sets (continuous
grades of membership, not just true or false) (Grant and Berkes, 2007; Zadeh, 1965).
Since LEK is qualitative, fuzzy logic can help to frame qualitative variables into a format
that can be more easily quantified (Teh and Teh, 2011). By assigning ranges that were
relatable to fishers, we could assign those ranges to a 1-5 scale that would allow for a
smoother transition for quantitative analysis. The fuzzy logic approach stems from the
idea that vagueness and shifting baselines are inherent in LEK, so fuzzy logic is able to
present a method for standardizing uncertain and or contradictory information (Ainsworth
et al., 2008). Using the fuzzy logic approach in the context of anglers and their varying
years of experience offers a solution to the issue of differing baselines and reference
points.
For bonefish size, fishers were asked to rate each dimension from 1-5 as 1=<2lbs,
2=2lbs-5lbs, 3=6lbs-8lbs, 4=8lbs-10lbs, 5=>10lbs. For bonefish number, fishers were
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asked to score the number of shots or attempts at catching a bonefish (1=0shots, 2=13shots, 3=4-10shots, 4=>10shots, 5=unlimited shots). Shots refers to how many times a
fisher had an opportunity to cast at a bonefish. Bonefishing is done by sight fishing and
therefore you must actually see them before you can cast for them (Fernandez and
Adams, 2004). I chose to define the number of bonefish by ‘shot’ so I could get a better
estimate of actual numbers versus bonefish caught, as that would be affected by fisher
experience. The rating scale used was a standard 5-point Likert scale, and these reference
points were developed in consultation with experienced anglers and guides on what
constitutes a good vs. bad bonefishing day. The interview approach followed Beaudreau
and Levin (2014) where they asked fishermen to provide seven qualitative rankings to 22
different Puget Sound marine species through time. I assigned each number on the 1-5
Likert scale a range or category so that each angler and guide would have a standardized
baseline or reference, which is an idea I incorporated from the fuzzy logic approach from
Ainsworth et al. (2008). Though the spatial representation of bonefish decline is an
important factor to my data collection, it is not in the scope of this particular paper.
However, it will be fully explored in a later publication.
In addition to the semi-structured interviews, I also conducted key informant
interviews to gain a deeper knowledge of the fishery and get a retrospective idea of
bonefish populations in South Florida. Key informant interviews are a series of open
ended questions that can spur meaningful discussion on a specific topic. I directed these
interviews towards the older members of the fishery community that have a long history
with bonefishing in South Florida to get quality decadal and spatial data on where
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bonefish were fished. I interviewed a total of 20 guides and anglers. Each interview was
recorded and lasted anywhere from 30 minutes to 2 hours. Every interview was then
transcribed and I was able to extract coordinates of where bonefish populations have
shifted over the last 40 years and map them on ArcGIS 10.1. Using key informant
interviews, though a more qualitative method of data collection, can produce important
quantifiable results and has been used in many contexts throughout the socio-ecological
literature (Garcia-Lozano and Heinen, 2015; Dongol and Heinen, 2012; Heinen and
Shrestha-Acharya, 2011; Ter-Ghazaryan and Heinen, 2006; Olsson and Folke, 2001).
3.3 Statistical Methods
In order to quantify the temporal trends from the matrix data, I combined all
regions and averaged the 1-5 scores across all seven time steps for all respondents that
scored in that time step.
Two-way ANOVAs were run in the basic R statistical package in order to test for
variation in 1) bonefishing quality, 2) bonefish number, bonefish size and 3) as a function
of time steps and two other relevant factors. My two models were:
1. Time + Angler Experience + Time* Angler Experience
2. Time + Fisher Type + Time* Fisher Type (Angler vs. guide)
I ran post-hoc Tukey tests to examine variation across individual time steps in order to
see where decline was perceived to start.
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4. RESULTS
4.1 Perceptions of bonefish decline
Respondents perceived an overall bonefish decline over the last 40 years. The
declining trend was consistently perceived for overall bonefishing quality, bonefish
number and bonefish size (Tables 2-3). Respondents perceived a 47% decrease in overall
quality, scoring on average 4.3 out of 5 in 1975 to a score of 2.3 in 2015. Over time,
however, bonefishing quality did not decrease at a steady rate (Figure 3). From 1975 to
2000 there was a perception of no change (p=0.985), followed by a perceived difference
from 2000 to 2005 (p<0.05). The decline seemed to accelerate between 2005 to 2010
(p=0.000), and was followed by no difference between 2010-2015 (p=0.798). This is also
corroborated through the key informant interviews as over 50% of the key informants
interviewed stated that they started noticing major bonefish decline from the early 1990s
to the early 2000s (Table1A).

Figure 3. Trend of bonefish decline is plotted from the mean scores rated by respondents
on the overall quality of the bonefish fishery from 1975 to 2015. Respondents were asked
to rate their bonefish fishing experience from 1 to 5 over the time they have been fishing
for bonefish in South Florida. Error bars are based on standard error and letters above are
differences based on post hoc Tukey tests. Sample size in the figure is based on the
respondent sample size however, the trend is based on total response sample size. See
methods for further explanation.
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When I decomposed quality into two separate categories, number and size, the
pattern of decline was different (Figure 4). Over all time steps, the decline in number
was perceived to be higher than the decline in size. Respondents perceived about a 40%
decrease in bonefish number scoring on average a 4.0 out of 5 in 1975 to 2.4 in 2015,
whereas size was scored 3.7 to 2.5 (32% decrease in size) for the same time period (Table
2). Further, the decline in number starts earlier than the decline in size (1985 for number
vs. 2005 for size). Similar to the overall pattern in bonefishing quality, bonefish size was
perceived to have not changed from 1975 to 2000 (p>0.65). Also, 2005 looks to be a
transitional year for size decline as it was the same and different to post and previous
years (Figure 4). However, respondents also perceived a difference from 2005 to 2010
(p<0.001).
Respondents perceived a decline in number differently from size and overall
quality, but was also found to be significant (p< 0.001, Table 1). From 1975-1995
respondents perceived that there was no change in number of bonefish (p>0.981).
Number and size received the same rating in 2000, at which point respondents started to
observe a noticeable decline in size that was apparent until 2015. However, for number,
1995-2005 shows transition from no change to decline as the year 2000 was both the
same and different as 1995 and 2005 (Figure 4). The post-hoc Tukey test also showed
that respondents again, perceived a difference between 2005 and 2010 (p<0.001)
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Figure 4. Overall bonefishing quality can be divided into two factors, number of bonefish
caught and size of bonefish caught. When quality is divided into these two factors, the
decline trend looks different. Respondents were asked to rate from 1 to 5 how number
and size of bonefish changed from when they started fishing for bonefish in South
Florida. The middle and bottom figure are both size and number trends separated. Letters
are based on post-hoc Tukey tests and error bars are based on standard error. Sample size
in the figure is based on each respondent; however, the trend is based on total response
sample size. See methods for further explanation.
4.2 Perceptions of bonefish decline related to fisher experience
With varying years of angling experience, I found that there was a difference in
experience among anglers who scored their bonefishing experience over time (p<0.05,
Table 2), however, this was only significant when respondents were asked about the
overall quality of the fishery. There was no significant difference in angler experience for
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size or number of bonefish (P>0.05, Table 2). For the variation in angler experience, the
most experienced angler group (40 years) scored on average lower than all other
experience level, while in 2005 the 10-year angler group scored the highest, showing
evidence of shifting baseline (Figure 5a). I tested the interaction between angler
experience and perception and found no significance in any of the three indicators
(P>0.05, Table 2). However, there is a trending significance for the interaction between
angler experience and time for the size parameter (P=0.063, Table 2) In this case, the 40year angler group scored on average the higher than the 20-year angler group from 19952005 until they cross and the 20-year angler group scores lower on average than the 40year angler group from 2010-2015 (Figure 5b.).

Table 2. Summary of statistical output from an ANOVA on bonefish fishery quality
scored by bonefish anglers (N=278) from 1975 to 2015. Fishery quality is put into 3
different categories (overall quality, size, and number). Variables tested were: time,
angling experience, and the interaction between time and angling experience.
(***P<0.001, **P<0.005, *P<0.05)
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Figure 5. Angler experience plotted by time (a. overall quality parameter, b. size
parameter) Error bars are based on standard error.
4.3 Angler versus guide perceptions
I found differences in perception of all three parameters across anglers vs guides,
but fisher type had no effect on the perception over time (Table 3). Guides scored quality
of bonefishing, size and number to be higher quality relative to anglers (Figure 6).

Figure 6. Comparison of perceived bonefish decline trend between fisher type (guides
and anglers).
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After asking respondents about their perceptions on bonefish decline, I also asked
them about what they thought the major causes of bonefish decline were. Since anglers
and guides may have different perceptions, I looked at the differences between their
reasons of decline. I found that both anglers and guides said that pressure as a result of
over fishing, poor handling practices, increased boat traffic and water quality were the
top reasons for why bonefish were declining (Figure 7).

Figure 7. Angler and guide perceptions of the major causes for bonefish decline (a.
angler, b. guide).
Table 3. Summary of statistical output from an ANOVA on bonefish fishery quality
scored by bonefish anglers (N=278) from 1975 to 2015. Fishery quality is put into 3
different categories (overall quality, size, and number). Variables tested were: time, fisher
type, and the interaction between time and fisher type. (***P<0.001, **P<0.005,
*P<0.05)
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5. DISCUSSION
Since bonefish are very understudied in South Florida, little is known about them,
making it difficult to come up with the best management practices for their populations. I
improved on the bonefish knowledge base by being able to inform on what has been
happening with bonefish populations over the last 40 years with the utilization LEK. In
order to later integrate timelines of environmental change in South Florida, the main goal
of my paper was to quantify qualitative data. I was able reconstruct a retrospective
timeline of bonefish decline to gain a better overall understanding of bonefish
populations. My study adds to the increasing body of literature on the integration of LEK
to inform biological assessments (Beaudreau and Levin, 2014, Thorton et al., 2010, Daw
et al., 2011). Furthermore, with the implantation of the fuzzy logic approach (Ainsworth
et al., 2008; Zadeh, 1965) I was also able to minimize the amount of bias when using
survey data.
The first question I was interested in answering was: what is the general perception
of bonefish populations over time? I expected that the general perception on the bonefish
decline would start in the mid-90s to early 2000s. Perceived trends by bonefish anglers
suggest that bonefish populations have declined since 1975 (Figure 3). I found that
bonefish decline is consistent across all three quality parameters (p<0.001), Table 2) as
respondents perceive the bonefish population to have been declining since 1975 (Figure
3). When I decomposed quality into two categories: size and number, it was interesting to
see that fishers perceived both of these aspects of quality to have declined differently
(Figure 4). Fishers did not perceive a decline in size until about 2000 while number was
perceived to have started to decline in 1985 (Figure 4). In the case of overall quality and
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size parameters, fishers perceived the decline to start between 2000 and 2005 (p<0.05),
while for the number parameter, fishers perceived the start of the decline to be between
1995 and 2005 (p<0.05) with 2000 being a transition year (Figure 4).
With perceived decline starting anywhere between 1995-2005 (based on all three
parameters), a variety ecological and anthropogenic changes could have been a cause.
From the mid to late 1900s, the C-111 canal, south Dade conveyance system, droughts,
and increased water flow to Taylor Slough caused the Florida bay to experience a variety
of hyper salinity events, increased algal and sea grass productivity, decreased water quality,
change in sea grass species composition, algal blooms, and increased turbidity (Figure 1).
More recently, with the expansion of US-1 and the three recent hurricanes, the Florida bay
has experienced more algal blooms and sponge die offs (Figure 1). These anthropogenic
alterations have affected many biotic and abiotic processes contributing to a reduced
recruitment for species living in the Bay and the southern Everglades such as pink shrimp,
snook, and redfish (McIvor et.al 1994). Bonefish populations could have also been affected
by any number of these ecological changes as well. A very consistent point of decline in
all three parameters was from 2005-2010 which could be indicative of a12-day cold event
in 2010 that resulted in high volumes of fish mortalities (Colella et al., 2011). With fishers
picking up on an overall decline of both size and number, this could be symptomatic of an
overharvested fishery or reduced growth rates (Haedric and Barnes, 1997). Though a
decrease in size could be interpreted as good recruitment (Haedric and Barnes, 1997), this
is unlikely since the number of bonefish have also been perceived to have declined. This
is an interesting deduction as in theory, non-consumptive fisheries should not be able to
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collapse since there is no direct harvesting. Therefore, one factor that should be explored
is the role of human predator behavior in the bonefish fishery because with the addition of
possible deposensatory fish mortality, theoretically this would lead to a predator-prey
system vulnerable to instability and collapse (Post et. al., 2002). Though the bonefish
fishery is catch and release and non-harvest, there is still evidence of notable post release
mortality (Cooke and Phillip, 2010; Dallas et al., 2010; Danylchuk et al., 2007; Cooke and
Phillip, 2004). Possibly a combination of fishing pressure and rapid environmental change
is driving the bonefish decline even in a non-consumptive fishery such as this.
Guides I interviewed have described clear observations of major declines in
bonefish throughout South Florida. For example, one of my key informants stated:
“There are no bonefish by historical standards. If you go bonefishing for a full
day you would go to 8 or 10 spots. You may find bonefish at 3 or 5 of them.
Sometimes you’d find fish at 7 of them. Today you go to 10 spots, you may find
them at 1 or 2. That’s the difference. Let’s say you have 300 fish and there on a
flat out here and they come up and feed and you have a couple good hours of
fishing. Then the tide changes, the fish go away and you go look for another spot
and you don’t find anymore that day. You go back the next day and those fish
have moved a mile. So you don’t see them. Whereas historically there would be
300 fish on that flat, another 300 over here, some more a mile away, so with
frequency you would hit the right spots. Now, you can’t count on that. There are
so few.”
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To build off of this apparent declining trend, I was also able to quantify decline
by three regions throughout South Florida (Biscayne Bay, Florida Bay, Florida Keys) and
found that though each region was still perceived to have declined, they were perceived
to have declined differently (Figure 2A). I also noticed that as regions experience
decline, fishing effort in each region also changed over time (Figure 3A). These major
connections will be made more apparent in a future publication.
One common criticism when relying on perception and human memories to
recount the past is that shifting baseline syndrome should be accounted for. Shifting
baseline syndrome is the change in perception of a biological system as a result of the
lack of experience with past conditions (Pauly, 1995; Papworth et. al, 2009). The
potential risk of capturing a shifting baseline in data is that it can lead to highly variable
resource assessments. Daw (2010) points out that this is not a question of the accuracy of
fishers’ perceptions, but how to handle information that has a wide range of biases so as
not to exaggerate or mask trends. However, in a data-poor system where I am not able to
go back in time to sample, I must rely on the knowledge of the resource users, which in
this study are anglers and guides. This framework allows for the integration of human
interactions with environment and ecology to create more effective management
strategies to benefit both social and biological systems (Huntington, 1998). Those who I
surveyed included anglers of varying years of experience ranging from 5 or less to 40 or
more years leaving room for the possibility of shifting baseline. I was able to account for
shifting baseline syndrome by making sure I had a large sample size, and by integrating
the fuzzy logic approach in order to standardize inconsistent responses (Zadeh, 1965).
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Understanding this risk of capturing shifting baselines in my data set, my second
question was whether perception changes based on experience. If so, my data would
have evidence of a shifting baseline. I expected that with varying years of experience, the
more years of experience an angler had, the more conservatively they would score their
fishing quality over time. Though there is evidence of perceived decline over all three
indicators, angler experience was only different in the overall quality parameter
(p=0.0282, Table 2, Figure 5a). When I tested the interaction between angler experience
and how they scored over time, there was no significance in all three indicators (Table 3),
though this interaction was trending in reference to size (p=0.06, figure 5b). This could
suggest that we have a slight effect of the variation of angler experience and possibly
slight evidence for shifting baseline. Unlike like previous studies (Beaudreau and Levin
2014, Ainsworth et al. 2008, and Saenz-Arroyo et al. 2005) I cannot completely support
or reject my hypothesis for shifting baseline, as I have conflicting data showing both
evidence and no evidence for shifting baseline. I can support that for overall quality, the
most experienced group (40 years) did consistently score lower on average over time,
which would lend support to my hypothesis that anglers with more experience would
score more conservatively. (Table 2, Figure 5). However, for all other parameters there
was no evidence of this difference.
Given that I found a difference in angler experience among years for overall
quality, this could suggest that since I used subjective ranges for the scoring of this
parameter, shifting baseline could still occur as memories are also subjective. However,
with the use of objective ranges for the other two parameters I was able to minimize the
presence of shifting baseline (see methods). I standardized my 5-point Likert scale by
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attaching ranges so that every angler independent of their experience would have the
same frame of reference when scoring fishery quality in terms of at least two parameters
(size and number). By applying this approach to standardize my responses perhaps I was
able to minimize the presence of shifting baseline biases. This is supported with the size
and number parameters showing no difference of years of experience influencing the
overall scoring of size and number (Table 3). A more social reason for why I may not see
evidence of shifting baseline is because of the communicative culture of the bonefishing
community in South Florida. Grant and Berkes (2007) found that fishers tend to learn and
share knowledge through apprenticeship, mentorship, and/or information sharing where
which their knowledge base is continually updated during small informal social
gatherings where they discuss experiences and strategies. The time spent interviewing
bonefish anglers and guides, I found that there is a prominent culture in which anglers
and guides that have more years of experience pass down their knowledge on historical
bonefish and environmental changes. As a result of continuous knowledge transfer
between generations, it has possibly homogenized perception so that evidence of shifting
baselines is not apparent.
Knowing that different stakeholders could harbor different perceptions (Suman et
al., 1999), my last question focused on the disparity between anglers and guides because
they may hold different stakes in the bonefish fishery. I wanted to know if experience
type (angler or guide) would show a difference in how bonefish decline is perceived. I
expected that guides would score more conservatively on average in comparison to
anglers. Guides tend to have longer and more continuous experience in the fishery, while
also look to the fishery for recreation as well as a livelihood. Anglers may also have long
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term experience in the fishery but is more likely to not be not continuous (visit once or
twice a year to fish) and they look to the fishery purely for recreation. According to my
survey data, anglers scored lower on average from 1985 to 2015 compared to guides with
exception 2005 were the score was almost the same (Figure 6). Though I found that there
was a significant difference between anglers and guides at each time step (Table 3), there
was no significance between fisher type and their scoring overtime (Table 3). I reject my
hypothesis that fisher type has an influence on the way they scored and that guides would
rate quality more conservatively over time. Though anglers and guides may have
different investments in the fishery, there are a lot more declared anglers than guides
(Table 1). Since there is such a large difference in the number of anglers and guides in
my data set, any real significance may be masked by the large difference in sample size.
As mentioned previously, the bonefish angling culture is centered around the transfer of
knowledge from generation to generation, which may be true in this scenario causing the
responses to be similar over time. In the survey, I also asked respondents what they
thought the major reasons for bonefish decline were. When I separated the responses
between anglers and guides I found no difference in response, both anglers and guides
said the major reasons for bonefish decline were 1) people pressure and 2) water quality.
This finding is interesting because it also lends support to the idea that fishers accumulate
their experiences and observations among each other (Grand and Berkes, 2007). It is also
interesting that in both cases people pressure is the highest stated reason for decline
which consequently supports findings on the significance of post-release mortality
brought on by increased fishing pressure (Cooke and Phillip, 2010; Dallas et al., 2010;
Danylchuk et al., 2007; Cooke and Phillip, 2004).
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6. CONCLUSION
The phenomenon of shifting baseline syndrome is a very common occurrence when
utilizing LEK and relying on the memories of people with various lengths of experience.
Though the risk of shifting baselines can cause highly variable biological assessments,
relying on LEK is still vital when trying to assess the vulnerabilities of data-poor species,
such as bonefish. Continued research must be done in order to create a more seamless
way of quantifying traditionally qualitative information in a way that does not present
troublesome biases. Perhaps the continued integration of citizen science programs such as
‘Citizen Angler Science Team’ (CAST; Lee, 2015), which was started at Florida
International University to integrate LEK with current and ongoing scientific research,
would lessen the disparity between both approaches. By using approaches such as fuzzy
logic, biases that are inherent when using LEK can be minimized, as supported by this
paper. With bonefish declining, there is a serious negative implication for guides that
make a living off of taking anglers bonefishing. One guide stated:
“It’s all down to the clients, bonefishing used to be about 80% of my
business and then I did a little tarpon and a little bit of permit fishing, but
once I lost bonefish I lost 80% of my business.”
Overall the bonefishing community in South Florida cares very deeply about the
bonefish resource not only as a means of livelihood sustainability, but for the pure
intrinsic and sentimental value of the fishery. By conducting multiple key informant
interviews, I found that the most established anglers and guides are a very
environmentally conscience and self-aware group that pass down this mentality to the rest
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of the South Florida angling community. Much of the bonefish angler and guide
community share the following sentiment:
“I would do things differently now knowing what has happened with the bonefish
population. I would change things around 1) not bringing bonefish back to the
dock, and 2) be a little bit more gentle with my releases and not fish certain areas
over and over again and over pressure these fish. I should have been doing this
research over 10 years ago, not now, and I wish that I had that chance with
bonefish again and maybe I will one day with your help and help of others. I wish
I knew, I wish I knew then what was going on so it would be a whole different ball
game and I might have been able to save the whole population a little quicker.”
It is fortunate that the South Florida region does not purely rest on the economic
contribution of bonefish, but also is known for the variety of successful fisheries in the
area so that even though bonefish are declining, there are other fisheries that draw in
tourists and anglers from all over the nation:
“We are still the fishing capital of the world for one reason only. If you want to
catch bonefish you go to the Bahamas, if you want to catch a redfish you go to
Louisiana, but we are the only place in the world where you can catch maybe
even in one flat a permit bonefish, tarpon, snook and reds, go offshore and catch
wahoo, sailfish, tuna, dolphin, and kingfish. All that and then in patches go
lobstering get hogfish, grouper and go in the gulf and catch cobia, and triple tail.
Here you have the Atlantic 5 miles off and go sword fishing that’s why! We are the
only place in the world to do all those things and it’s a 100-mile stretch”
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The recreational fishing industry is a very important in many parts of the world.
Specifically, in South Florida, it contributes a substantial amount to the economy.
Without this industry, the broader economy as well as the people whose livelihoods
depend on it will experience severe losses. The importance of understanding bonefish
populations and why they have experienced declines is not only a benefit to the
conservation and maintenance of the species, but also to the maintenance of livelihoods
that recreational bonefish fisheries provide. By involving anglers and guides in the main
data collection process we can increase both outreach and education on the importance of
sustainable fishing practices and increase overall support for conservation. Continuous
research about bonefish in South Florida and the integration of anglers and guides into
the research process, would be very important in learning how to better manage this
resource into in the future.
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APPENDIX

Figure 1A. Example of matrix formatted question for a respondent that reported to have
had 15 years of bonefishing experience in South Florida
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Figure 2A. Trend of bonefish decline is plotted from the mean scores rated by
respondents on the overall quality of the bonefish fishery from 1975 to 2015. The decline
trend is separated into 3 major bonefishing regions in South Florida; Biscayne Bay (BB),
Florida Bay (FL Bay) and Florida Keys (FL Keys). Respondents were asked to rate their
bonefish fishing experience from 1-5 over the time they have been fishing for bonefish in
South Florida. Sample size in the figure is based on the respondent sample size however;
the trend is based on total response sample size. See methods for further explanation.

Figure 3A. Shifts in fishing effort of 6 regions in South Florida from 1975 to 2015.
Fishing effort is calculated from the percentage of fishers that reported to have fished in
each of the 6 regions from 1975-2015. Numbers in parenthesis are sample size of each
time period.
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Table 1A. General information about the key informants interviewed and their reported
observations of years they noticed bonefish decline (N=20).
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